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wherein each of R! and R® is a tetravalent organic group constituting a tetracarboxylic acid or its derivative, R? is a biva-
lent organic group constituting a diamine, R* is a bivalent organic group constituting a diamine having no fluorine-con-
taining alkyl group or no long chain alkyl group having at least 6 carbon atoms, and each of m and n is a positive integer.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a treating agent for liquid crystal alignment useful for liquid crystal devices
such as a liquid crystal display. More particularly, it relates to a treating agent for liquid crystal alignment, which is capa-
ble of providing a liquid crystal alignment film which presents a very low tilt angle to a substrate of liquid crystal mole-
cules and is excellent in the electrical properties of liquid crystal devices such as the voltage holding ratio and the
charge-accumulation property.

BACKGROUND ART

[0002] Inrecent years, active matrix operation systems using, for example, a thin-layer transistor, have been actively
developed by virtue of their excellent display performance. Among them, a so-called TFT display system is the most
representative system, and a further improvement in the display performance has been made. Accordingly, also with
respect to requirements for a liquid crystal alignment film, it has now been required to improve various properties at the
same time. As the liquid crystal alignment film properties usually required for a so-called TFT display system, the tilt
angle of liquid crystal molecules, the voltage holding ratio and the charge-accumulation property by a direct current voli-
age are, for example, the most basic required properties. An alignment film material satisfying all of these properties
has been desired. Namely, a treating agent for liquid crystal alignment has been desired which provides a liquid crystal
alignment film presenting a relatively high tilt angle of at least a few degrees and having a high voltage holding ratio and
a sufficiently low charge-accumulation by a direct current voltage.

[0003] As an example of such a treating agent for liquid crystal alignment, one disclosed in JP-A-8-220541 may be
mentioned.

[0004] However, in order to develop new liquid crystal display devices of recent years or to improve the performance,
a treating agent for alignment has also been required which provides a liquid crystal alignment film presenting a tilt
angle of liquid crystal molecules as low as at most 2° and having a high voltage holding ratio and a sufficiently low
charge-accumulation property by direct current voltage.

[0005] In this connection, a material showing a low tilt angle and a high voltage holding ratio has heretofore been
found. However, one having a tilt angle of at most 2° has not necessarily been satisfactory with respect to the very low
charge-accumulation property.

[0006] Namely, with conventional treating agents for liquid crystal alignment, it has been common to improve the film
properties by employing one type of a polyimide or a polyimide precursor and selecting its structure variously. It is
known that all these properties are affected by the structure of the polyimide to be used, and in fact, it has not been
accomplished to fully satisfy all the properties by one polymer structure as an alignment film. Further, with conventional
treating agents for alignment, for example, one can show an excellent property for the voltage holding ratio, but has a
large charge accumulation, and another is excellent in the voltage holding ratio and the charge-accumulation property,
but has a large tilt angle. Thus, no material has been found which satisfies these three properties adequately at the
same time. Further, for the practical mass production of liquid crystal devices, not only the above basic properties but
also various properties such as adhesive properties to a substrate, printing properties and rubbing resistance are
required.

[0007] It has been required to develop various properties including productivity as well as the above-mentioned basic
properties, and in fact, adequate performance has not necessarily been obtained only by a single polyimide resin.
[0008] Conventional treating agents for liquid crystal alignment are generally, for example, the one obtained by coating
a varnish having a solvent-soluble polyimide dissolved in a solvent on a substrate, and baking it to form a polyimide film,
and then subjecting it to rubbing treatment to obtain a liquid crystal alignment film, or the one obtained by coating a
polyimide precursor solution on a substrate, and baking it usually at a temperature of at least 150°C for imide-modifica-
tion to form a polyimide film, and then subjecting it to rubbing treatment to obtain a liquid crystal alignment film.

[0009] Here, the liquid crystal alignment film formed by a solvent-soluble polyimide is known to have a problem that
even with one having a low tilt angle of at most 2°, the thermal stability is inadequate, or even with one having a constant
low tilt angle and an excellent voltage holding ratio, the charge-accumulation property is not adequately low. Further, it
is known to be usually poor in the adhesive properties to a substrate or in the printing properties.

[0010] On the other hand, the one employing a polyimide precursor has advantages that a high and more stable tilt
angle can be obtained and the charge-accumulation property can be made small, or advantages that the adhesive
properties to a substrate and the printing properties are excellent. However, on the other hand, it has had drawbacks
that it is difficult to obtain an adequately low tilt angle, the voltage holding ratio is poor in many cases, the properties
tend to depend on the baking temperature, and if the imide-modification degree is not sufficient, the solvent resistance
of the film surface is poor.
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[0011] Namely, both the solvent-soluble polyimide and the polyimide precursor have advantages and disadvantages
contrary to each other as a liquid crystal alignment film. Accordingly, it is not necessarily easy to satisfy all the proper-
ties required for an alignment film for a so-called TFT.

[0012] As mentioned above, in order to improve the performance of new liquid display devices or conventional
devices, an excellent treating agent for liquid crystal alignment has been desired which provides a constant low tilt angle
of at most 2° and which satisfies properties such as a high voltage holding ratio and a very low charge-accumulation
property, at the same time.

[0013] Namely, the object of the present invention is to present a treating agent for liquid crystal alignment excellent
in these properties.

DISCLOSURE OF THE INVENTION

[0014] In order to solve the above problems, the present inventors have conducted an intensive study on treating
agents for liquid crystal alignment to be used for forming liquid alignment films by coating them on substrates provided
with transparent electrodes, baking them and applying alignment treatment such as rubbing treatment to the film sur-
face, and have accomplished the present invention. Namely, the present invention provides a treating agent for liquid
crystal alignment, which comprises a polyimide precursor containing repeating units of the formula (1):

NHE-CO /CO—NH~R2
\R‘ (1)

/
HOOC \TOOH m

wherein R' is a tetravalent organic group constituting a tetracarboxylic acid or its derivative, R? is a bivalent organic
group constituting a diamine, and m is a positive integer, and having a polymerization degree of from 0.05 to 5.0 di/g as
calculated as the reduced viscosity (in N-methylpyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl), and
a solvent-soluble polyimide containing repeating units of the formula (2):

N R? N—-&R* (2)

wherein R® is a tetravalent organic group constituting a tetracarboxylic acid or its derivative, R* is a bivalent organic
group constituting a diamine having no fluorine-containing alkyl group or no long chain alkyl group having at least 6 car-
bon atoms, and n is a positive integer, and having a polymerization degree of from 0.05 to 5.0 dl/g as calculated as the
reduced viscosity (in N-methylpyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl), wherein the solvent-
soluble polyimide of the formula (2) is contained in an amount of from 1 to 80 wi% based on the total polymer weight.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Now, the present invention will be described in detail.

[0016] The treating agent for liquid crystal alignment of the present invention is coated on a substrate provided with
transparent electrodes, and dried and baked to form a polyimide film, and then the film surface is subjected to alignment
treatment such as rubbing treatment to prepare a liquid crystal alignment film.

[0017] The treating agent for liquid crystal alignment of the present invention is characterized in that it comprises a
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polyimide precursor of the above formula (1) and a solvent-soluble polyimide of the formula (2).

[0018] Here, the polyimide precursor of the formula (1) can be obtained by reacting and polymerizing a tetracarboxylic
acid and its derivative with a diamine in a polar solvent.

[0019] As specific examples of the tetracarboxylic acid and its derivative of the formula (1), the following may be men-
tioned.

[0020] Aromatic tetracarboxylic acids such as pyromellitic acid, benzophenone tetracarboxylic acid, biphenyl tetracar-
boxylic acid and naphthalene tetracarboxylic acid, and their dianhydrides as well as their dicarboxylic acid diacid hali-
des; alicyclic tetracarboxylic acids such as cyclobutane tetracarboxylic acid, cyclopentane tetracarboxylic acid,
cyclohexane tetracarboxylic acid and 3,4-dicarboxy-1,2,3,4-tetrahydro-1-haphthalene succinic acid, and their dianhy-
drides as well as their dicarboxylic acid diacid halides; aliphatic tetracarboxylic acids such as butane tetracarboxylic
acid, and their dianhydrides as well as their dicarboxylic acid diacid halides.

[0021] Further, these tetracarboxylic acids and their derivatives may be used alone or in combination as a mixture of
two or more of them. Especially when two or more of the above-mentioned tetracarboxylic acids are employed, in order
to improve the charge-accumulation property, the polyimide precursor of the formula (1) is preferably such that R! in the
formula (1) as a constituting monomer for the copolymer is a tetravalent organic group constituting an aromatic tetracar-
boxylic acid or its derivative. The proportion of the monomer component having a tetravalent organic group constituting
the aromatic tetracarboxylic acid or its derivative is not particularly limited, but it is preferably at least 30 mol% of the
total components of tetracarboxylic acids and their derivatives.

[0022] As specific examples of the diamine of the formula (1), the following may be mentioned. However, it should be
understood that the present invention is by no means restricted to such specific examples.

[0023] Specific examples of the diamine include aromatic diamines such as p-phenylenediamine, 1,4-bis(4-ami-
nophenyl)benzene, 4,4-diaminobiphenyl, 3,3-dimethyl-4,4'-diaminobiphenyl, 3,3'-dimethoxy-4,4'-diaminobiphenyl,
3,3"-dihydroxy-4,4'-diaminobiphenyl, 3,3'-dichloro-4,4'-diaminobiphenyl, 3,3'-dicarboxy-4,4'-diaminobiphenyl, 4,4'-
bis(4-aminophenoxy)biphenyl diaminodiphenylmethane, diaminodiphenyl ether, 2,2-diaminodiphenylpropane, 4,4'-
diaminodiphenylsulfone, diaminobenzophenone, 1,3-bis(4-aminophenoxy)benzene, 1,4-bis(4-aminophenoxy)benzene,
4 4'-di(4-aminophenoxy)diphenylsulfone, 2,2-bis[4-(4-aminophenoxy)phenyl]propane and 1,1,1,3,3,3-hexafluoro-2,2-
bis[4-(4-aminophenoxy)phenyl]propane; alicyclic diamines such as diaminodicyclohexylmethane, diaminodicyclohexyl
ether and diaminocyclohexane; and aliphatic diamines such as 1,2-diaminoethane, 1,3-diaminopropane, 1,4-diaminob-
utane and 1,6-diaminohexane. Further, a diaminosiloxane of the following formula:

i
H,N-(C Hz)3"(ii'0 )|_?i_'(C H,);—NH,
CH, CH,

wherein £ is an integer of from 1 to 10, may further be mentioned.

[0024] Further, in order to obtain a low tilt angle, it is preferred that such a diamine does not have a fluorine-containing
alkyl group or a long alkyl group having at least 6 carbon atoms. Further, these diamines can be used alone or in com-
bination as a mixture of two or more of them.

[0025] The tetracarboxylic acid or its derivative is reacted and polymerized with the diamine to obtain a polyimide pre-
cursor, and as the tetracarboxylic acid derivative to be used here, it is common to employ a tetracarboxylic dianhydride.
The molar ratio of the tetracarboxylic acid or its derivative to the diamine is preferably from 0.8 to 1.2. The closer to 1
the molar ratio is, the larger the polymerization degree of the produced polymer is, like in conventional polycondensa-
tion reactions.

[0026] If the polymerization degree is too small, the strength of the polyimide coating film tends to be inadequate, and
if the polymerization degree is too large, the operation efficiency at the time of forming the polyimide coating film some-
times tends to be poor. Accordingly, the polymerization degree of the product in this reaction is preferably from 0.05 to
5.0 di/g (as measured in N-methylpyrrolidone at a temperature of 30°C and at a concentration of 0.5 g/dl) in terms of a
reduced viscosity in the polyimide precursor solution.

[0027] The method for reacting and polymerizing the tetracarboxylic acid or its derivative and diamine is not particu-
larly limited. However, a conventional solution polymerization is suitable as a polymerization method for the polyimide
precursor. Usually, the tetracarboxylic dianhydride and the diamine are reacted in an organic polar solvent such as N-
methylpyrrolidone to prepare a polyimide precursor. Here, the reaction temperature is suitably selected from -20°C to
150°C, preferably from -5°C to 100°C.
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[0028] Further, specific examples of the solvent to be used for the solution polymerization method include N,N-
dimethylformamide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, N-methylcaprolactam, dimethylsulfoxide, tetram-
ethylurea, pyridine, dimethylsulfone, hexamethylphosphoramide and butyl lactone. These solvents may be used alone
or in combination as a mixture. Further, a solvent which does not dissolve the polyimide precursor, may be added to the
above solvent in an amount within such a range that a uniform solution can still be obtained.

[0029] The method for obtaining the organic solvent-soluble polyimide resin having the repeating units of the formula
(2) of the present invention, is not particularly limited. However, it can usually be obtained by reacting and polymerizing
a tetracarboxylic acid or its derivative and a diamine to prepare a polyimide precursor, followed by dehydration ring-clo-
sure for imide-modification.

[0030] The tetracarboxylic acid or its derivative constituting R® of the formula (2), is not particularly limited so long as
it does not impair the solubility of the resulting polyimide resin in an organic solvent. As specific examples thereof, the
following may be mentioned, but the present invention is by no means restricted thereto. They include aromatic tetracar-
boxylic acids such as pyromellitic acid, benzophenone tetracarboxylic acid, biphenyl tetracarboxylic acid and naphtha-
lene tetracarboxylic acid, and their dianhydrides as well as their dicarboxylic acid diacid halides; alicyclic tetracarboxylic
acids such as cyclobutane tetracarboxylic acid, cyclopentane tetracarboxylic acid, cyclohexane tetracarboxylic acid and
3,4-dicarboxy-1,2,3,4-tetrahydro- 1-naphthalene succinic acid, and their dianhydrides as well as their dicarboxylic acid
diacid halides; and aliphatic tetracarboxylic acids such as butane tetracarboxylic acid, and their dianhydrides as well as
their dicarboxylic acid diacid halides.

[0031] Further, these tetracarboxylic acids and their derivatives may be used alone or in combination as a mixture of
two or more of them. Among the above-mentioned tetracarboxylic acids and their derivatives, it is particularly preferred
to use 3,4-dicarboxy-1,2,3,4-tetrahydro-1-naphthalenesuccinic acid or its derivative, with a view to increasing the voli-
age holding ratio.

[0032] Specific examples of the diamine which constitutes the solvent-soluble polyimide of the formula (2) are not par-
ticularly limited so long as they do not impair the solubility of the resulting polyimide resin in an organic solvent. As spe-
cific examples thereof, the following may be mentioned.

[0033] They include aromatic diamines such as p-phenylenediamine, 1,4-bis(4-aminophenyl)benzene, 4,4'-diamino-
biphenyl, 3,3'-dimethyl-4,4'-diaminobiphenyl, 3,3'-dimethoxy-4,4'-diaminobiphenyl, 3,3'-dihydroxy-4,4'-diaminobiphe-
nyl, 3,3'-dichloro-4,4'-diaminobiphenyl, 3,3'-dicarboxy-4,4'-diaminobiphenyl, 4,4'-bis(4-aminophenoxy) biphenyl,
diaminodiphenylmethane, diaminodiphenyl ether, 2,2-diaminodiphenylpropane, 4,4'-diaminodiphenylsulfone, diami-
nobenzophenone, 1,3-bis(4-aminophenoxy)benzene, 1,4-bis(4-aminophenoxy)benzene,  4,4'-di(4-aminophe-
noxy)diphenylsulione  and  2,2-bis[4-(4-aminophenoxy)phenyllpropane;  alicyclic  diamines  such  as
diaminodicyclohexylmethane, diaminodicyclohexyl ether and diaminocyclohexane; and aliphatic diamines such as 1,2-
diaminoethane, 1,3-diaminopropane, 1,4-diaminobutane and 1,6-diaminohexane. Further, a diaminosiloxane of the fol-
lowing formula:

.
H,N ’(CHz)s_(ii'O )j—S‘i""'(C H,);—NH,
CH; CH;

wherein j is an integer of from 1 to 10, may further be mentioned.

[0034] Further, these diamines may be used alone or in combination as a mixture of two or more of them.

[0035] The present invention is not limited to such diamines, but preferably, p-phenylenediamine, 1,4-bis(4-aminophe-
nyl)benzene, 4,4'-diaminobiphenyl, 3,3-dimethyl-4,4'-diaminibiphenyl, 3,3'-dimethoxy-4,4'-diaminobiphenyl, 3,3'-dihy-
droxy-4,4'-diaminobiphenyl, 3,3'-dichloro-4,4'-diaminobiphenyl, 3,3'-dicarboxy-4,4"-diaminobiphenyl or 4,4"-bis(4-
aminophenoxy)biphenyl, may be mentioned.

[0036] Further, in order to obtain a low tilt angle, it is necessary that the diamine constituting the solvent-soluble poly-
imide of the formula (2) does not contain a fluorine-containing alkyl group or a long chain alkyl group having at least 6
carbon atoms. If it contains such a long chain group, a sufficiently low tilt angle may not usually be obtained, such being
undesirable. Therefore, for example, the treating agent for liquid crystal alignment disclosed in e.g. JP-A-8-220541 is
not desirable for the purpose of solving the problem of the present invention, since the tilt angle will be high. It is partic-
ularly preferred to introduce a structure of low polarity such as the above-mentioned diaminosiloxane, as a diamine con-
stituting the solvent-soluble polyimide of the formula (2) in order to obtain the effect of the present invention sufficiently.
[0037] The method for producing the solvent-soluble polyimide resin of the present invention is not particularly limited.
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As a polymerization method for a polyimide resin, a solution method is usually suitable. It is usually possible to employ
a method wherein the tetracarboxylic or its derivative and the diamine are reacted and polymerized in an organic sol-
vent in a molar ratio within a range of from 0.8 to 1.2 to obtain a polyimide resin precursor having a reduced viscosity
of from 0.05 to 5.0 dl/g (in N-methyl-2-pyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl), followed by
dehydration ring closure to obtain a polyimide resin.

[0038] The temperature for reacting and polymerizing the tetracarboxylic acid or its derivative and the diamine is suit-
ably selected from -20 to 150°C, preferably from -5 to 100°C. Specific examples of the solvent to be used for the solution
polymerization method include N,N-dimethylformamide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone, N-methylc-
aprolactam, dimethylsulfoxide, tetramethylurea, pyridine, dimethylsulfone, hexamethylphosphoramide and butyl lac-
tone.

[0039] Since the polyimide resin of the formula (2) is soluble in a solvent, the polyimide precursor obtained by reacting
the tetracarboxylic acid or its derivative and the diamine, may be imide-modified as it is in a solution to obtain a solvent-
soluble polyimide solution.

[0040] To convert the polyimide precursor to the polyimide, a method of heating for dehydration ring-closure is usually
employed. The heating temperature for dehydration ring-closure can be selected optionally within a range of from
100°C to 350°C, preferably from 120°C to 250°C.

[0041] Further, as another method for converting the polyimide precursor to the polyimide, a method may be
employed wherein a conventional catalyst for dehydration ring-closure is used for chemical ring-closure.

[0042] The polyimide solution thus obtained may be used as it is, or it may be precipitated in a poor solvent such as
methanol or ethanol, and isolated, so that the polyimide may be used in the form of a powder, or the polyimide powder
may be re-dissolved in a proper solvent for use. The solvent for re-dissolving it, is not particularly limited so long as it is
capable of dissolving the obtained polyimide resin. It may, for example, be 2-pyrrolidone, N-methylpyrrolidone, N-ethyl-
pyrrolidone, N-vinylpyrrolidone, N,N-dimethylacetamide, N,N-dimethylformamide or y - butyrolactone.

[0043] To obtain the treating agent for liquid crystal alignment of the present invention which contains the polyimide
precursor of the formula (1) and the solvent-soluble polyimide of the formula (2), the polyimide precursor of the formula
(1) and the solvent-soluble polyimide of the formula (2) are dissolved in a solvent so that the proportion of the solvent-
soluble polyimide of the formula (2) is from 1 to 80% by weight based on the total polymer weight of the polyimide pre-
cursor of the formula (1) and the solvent-soluble polyimide of the formula (2).

[0044] The mixing proportion of the solvent-soluble polyimide of the formula (2) to the polyimide precursor of the for-
mula (1) can optionally be selected within the above range to control the properties of the liquid crystal such as the tilt
angle, etc. When the proportion of the solvent-soluble polyimide of the formula (2) exceeds 80 wi% to the total polymer
weight, or less than 1 wi%, the effects of the present invention may not sometimes be sufficiently obtainable, such being
undesirable.

[0045] At this time, as a method for incorporating the polyimide of the formula (2) into the polyimide precursor solution
of the formula (1), methods may be mentioned wherein a polyimide powder is directly incorporated or a solution having
a polyimide dissolved in an organic solvent is incorporated. There is no particular limitation in the method of incorpora-
tion.

[0046] The solvent used for the composition of the present invention, is not particularly limited so long as it is capable
of dissolving the polyimide resin. It may, for example, be 2-pyrrolidone, N-methylpyrrolidone, N-ethylpyrrolidone, N-
vinylpyrrolidone, N,N-dimethylacetamide, N,N-dimethylformamide or y - butyrolactone.

[0047] In addition, even a solvent which is incapable of dissolving the polyimide by itself, may be added to the above
solvent within a range not to impair the solubility.

[0048] Such a solvent may, for example, be ethyl cellosolve, butyl cellosolve, ethyl carbitol, butyl carbitol, ethyl carbitol
acetate or ethylene glycol.

[0049] Further, propylene glycol derivatives such as 1-methoxy-2-butoxy-propanol, and lactic acid derivatives such as
methyl lactate, as disclosed in JP-A-7-109,438 and JP-A-7-228,839, may be used.

[0050] Further, for the purpose of further improving the adhesive property between the polyimide resin film and the
substrate, additives such as a coupling agent may be added to the resulting resin solution.

[0051] The composition for the treating agent for liquid crystal alignment of the present invention may be coated on a
transparent substrate such as a glass or plastic substrate provided with transparent electrodes and baked to form a
polyimide film, and then the film surface is subjected to alignment treatment such as rubbing treatment, to obtain a liquid
crystal alignment film.

[0052] Here, the coating method is not particularly limited, and a conventional method may be employed. It is usual
to employ, for example, spin coating, roll coating, offset printing or gravure printing.

[0053] The temperature for heat treatment to form the polyimide coating film can be selected optionally within a range
of from 50 to 400°C, preferably from 100 to 300°C.

[0054] Now, preferred embodiments of the present invention will be described.
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(1) A treating agent for liquid crystal alignment comprising a polyimide precursor containing repeating units of the
formula (1):

NH-CO /CO—NH—RZ
\R' (1)

/
HOOC \coon m

wherein R' is a tetravalent organic group constituting a tetracarboxylic acid or its derivative, R? is a bivalent organic
group constituting a diamine, and m is a positive integer, and having a polymerization degree of from 0.05 t0 5.0
dl/g as calculated as the reduced viscosity (in N-methylpyrrolidone at a temperature of 30°C at a concentration of
0.5 g/dl), and a solvent-soluble polyimide resin containing repeating units of the formula (2):

CoO CO
/NN
N\ /R\ /N

CO Co

R (2)

=

wherein R® is a tetravalent organic group constituting a tetracarboxylic acid or its derivative, R* is a bivalent organic
group constituting a diamine having no fluorine-containing alkyl group or no long chain alkyl group having at least
6 carbon atoms, and n is a positive integer, and having a polymerization degree of from 0.05 to 5.0 dl/g as calcu-
lated as the reduced viscosity (in N-methylpyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl),
wherein the solvent-soluble polyimide of the formula (2) is contained in an amount of from 1 to 80 wi% based on
the total polymer weight.

(2) The treating agent for liquid crystal alignment according to the present invention or the embodiment (1), wherein
R of the polyimide precursor of the formula (1) is a bivalent organic group constituting a diamine having no fluo-
rine-containing alkyl group or no long chain alkyl group having at least 6 carbon atoms.

(3) The treating agent for liquid crystal alignment according to the present invention or the embodiment (1) or (2),
wherein the polyimide precursor of the formula (1) is a copolymer wherein R' in the formula (1) is at least two types
of tetravalent organic groups constituting tetracarboxylic acids or their derivatives, and as at least one type of the
constituting monomer component for the copolymer, R' is a tetravalent organic group constituting an aromatic tet-
racarboxylic acid or its derivative.

4. The treating agent for liquid crystal alignment according to the present invention or any one of the embodiments
(1) to (3), wherein R® of the solvent-soluble polyimide of the formula (2) is a tetravalent organic group constituting
3,4-dicarboxy-1,2,3,4-tetrahydro- 1-naphthalene succinic acid or its derivative.

[0055] Now, the present invention will be described in further detail with reference to Examples, but the present inven-
tion is by no means restricted to them.

EXAMPLE 1

[0056] 20.02 g (0.1 mol) of 4,4'-diaminodiphenyl ether was dissolved in 230 g of N-methylpyrrolidone (NMP), and
19.60 g (0.1 mol) of cyclobutane tetracarboxylic dianhydride was added thereto and reacted at room temperature for 4
hours to obtain a polyimide precursor having a reduced viscosity of 1.0 di/g (in N-methyl-2-pyrrolidone at a temperature
of 30°C and a concentration of 0.5 g/dl). This solution was diluted with NMP to a solid content concentration of 6% to
obtain a polyimide precursor solution (A-1).
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[0057] 30.03 g (0.1 mol) of 3,4-dicarboxy-1,2,3,4-tetrahydro-1-naphthalene succinic dianhydride (hereinafter referred
to simply as TDA) and 19.83 g (0.1 mol) of 4,4'-diaminodiphenylmethane were reacted in 283 g of NMP at 10°C for 20
hours to prepare a polyimide precursor solution.

[0058] Into 50 g of this polyimide precursor solution, 15.3 g of acetic anhydride and 7.1 g of pyridine were added as
imide-modification catalysts, followed by a reaction at 40°C and 80°C for 1 hour each, to prepare a polyimide resin solu-
tion. This solution was put into 550 ml of methanol, and white precipitates thereby obtained, were collected by filtration
and dried to obtain a white polyimide resin powder. The reduced viscosity 1 sp/c of the obtained polyimide resin was
0.43 di/g (0.5 wt% NMP solution, 30°C).

[0059] 0.6 g of this powder was dissolved in 9.4 g of y - butyrolactone to obtain a solvent-soluble polyimide resin solu-
tion (B-1) having a solid content concentration of 6%.

[0060] Then, the polyimide precursor solution (A-1) and the solvent-soluble polyimide resin solution (B-1) were mixed
in a weight ratio of (A-1)/(B-1)=4/1, diluted with NMP and thoroughly stirred to obtain a uniform solution having a total
solid content concentration of 4%. This solution was spin-coated at 3700 rpm on a glass substrate provided with trans-
parent electrodes, and then baked at 180°C for 60 minutes to obtain a polyimide film having a film thickness of 1000 A.
[0061] This coating film was rubbed with a cloth, and fabrication was conducted so that the rubbing directions would
be opposite and in parallel while interposing a spacer of 50 p, and then liquid crystal (ZLI-4792 manufactured by Merck
Co.) was injected to prepare a liquid crystal cell.

[0062] The alignment state of this liquid crystal cell was observed by a polarization microscope to confirm a uniform
alignment without defects. Further, with respect to this cell, the tilt angle of liquid crystal was measured by a crystal rota-
tion method and found to be 1.2°, and thus it had a sufficiently low tilt angle.

[0063] Further, the tilt angle after heating at 120°C for 60 minutes after injection of the liquid crystal, was 1.2°, and
thus no change due to the heat treatment was observed.

[0064] Then, to measure electrical properties of the liquid crystal cell, using a substrate having a polyimide film formed
and rubbed in the same manner as above, a spacer of 6 u was sprayed on the film surface, then fabrication was con-
ducted so that the rubbing directions would be substantially at right angles, and liquid crystal (MLC-2003, manufactured
by Merck Co.) was injected to prepare a 90° twist liquid crystal cell. The alignment state of this liquid crystal cell was
inspected by a polarization microscope to confirm a uniform alignment without defects.

[0065] With respect to this liquid crystal cell, the voltage holding ratio was measured and found to show high values
of 98% at 23°C and 80% at 90°C. Further, rectangular waves of 30 Hz/43 V having a direct current of 3 V superimposed
thereon were applied to this cell at 23°C for 60 minutes. Immediately after the direct current of 3 V was cut off after 60
minutes, the residual voltage remaining in the liquid crystal cell was measured by an optical flicker elimination method
and found to be 0.1 V. Thus, the charge-accumulation was small.

EXAMPLE 2

[0066] 20.02 g (0.1 mol) of 4,4'-diaminodiphenyl ether was dissolved in 230 g of N-methylpyrrolidone (NMP), and 9.80
g (0.05 mol) of cyclobutane tetracarboxylic dianhydride and 10.90 g (0.05 mol) of pyromellitic dianhydride were added
thereto and reacted at room temperature for 4 hours, to obtain a polyimide precursor having a reduced viscosity of 0.9
dl/g (in N-methyl-2-pyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl). This solution was diluted with
NMP to a solid content concentration of 6% to obtain a polyimide precursor solution (A-2).

[0067] Then, the polyimide precursor solution (A-2) and the solvent-soluble polyimide resin solution (B-1) obtained in
Example 1, were mixed in a weight ratio of (A-2)/(B-1)=4/1, diluted with NMP and thoroughly stirred to obtain a uniform
solution having a total solid content concentration of 4%. This solution was spin-coated at 3000 rpm on a glass sub-
strate provided with transparent electrodes and baked at 180°C for 60 minutes to obtain a polyimide film having a film
thickness of 1000 A.

[0068] This coating film was rubbed with a cloth, and fabrication was conducted so that the rubbing directions would
be opposite and in parallel while interposing a spacer of 50 p, and then liquid crystal (ZLI-4792 manufactured by Merck
Co.) was injected to prepare a liquid crystal cell.

[0069] The alignment state of this liquid crystal cell was observed by a polarization microscope to confirm a uniform
alignment without defects. Further, with respect to this cell, the tilt angle of liquid crystal was measured by a crystal rota-
tion method and found to be 1.0°, and thus it had a sufficiently low tilt angle.

[0070] Further, the tilt angle after heating at 120°C for 60 minutes after the injection of liquid crystal, was 1.1°, and
thus, the change due to the heat treatment was small and stable.

[0071] Then, to measure electrical properties of the liquid crystal cell, using a substrate having a polyimide film formed
and rubbed in the same manner as above, a spacer of 6 u was sprayed on the film surface, then fabrication was con-
ducted so that the rubbing directions would be substantially at right angles, and liquid crystal (MLC-2003, manufactured
by Merck Co.) was injected to prepare a 90° twist liquid crystal cell. The alignment state of this liquid crystal cell was
inspected by a polarization microscope to confirm a uniform alignment without defects.



10

15

20

25

30

35

40

45

50

55

EP 0 949 532 A1

[0072] With respect to this liquid crystal cell, the voltage holding ratio was measured and found to show high values
of 98% at 23°C and 80% at 90°C. Further, rectangular waves of 30 Hz/A3 V having a direct current of 3 V superimposed
thereon were applied to this cell at 23°C for 60 minutes. Immediately after the direct current of 3 V was cut off after 60
minutes, the residual voltage remaining in the liquid crystal cell was measured by an optical flicker elimination method
and found to be 0.1 V. Thus the charge accumulation was small.

EXAMPLE 3

[0073] The polyimide precursor solution (A-2) prepared in Example 2 and the solvent-soluble polyimide resin solution
(B-1) prepared in the same manner as in Example 1, were mixed in a weight ratio of (A-2)/(B-1)=1/4, then diluted with
NMP and thoroughly stirred to obtain a uniform solution having a total solid content concentration of 4%. This solution
was spin-coated at 2600 rpm on a glass substrate provided with transparent electrodes and baked at 180°C for 60 min-
utes to obtain a polyimide film having a film thickness of 1000 A.

[0074] Then, a liquid crystal cell was prepared in the same manner as in Example 2.

[0075] The alignment state of this liquid crystal cell was inspected by a polarization microscope to confirm a uniform
alignment without defects. Further, with respect to this cell, the tilt angle of liquid crystal was measured by a crystal rota-
tion method and found to be 1.1°, and thus it had a sufficiently low tilt angle. Further, the tilt angle after heating at 120°C
for 60 minutes after the injection of liquid crystal, was 1.1°, and thus no change due to the heat treatment was observed.
Further, in the same manner as in Example 1, the voltage holding ratio was measured and found to show high values
of 98% at 23°C and 85% at 90°C. Further, the residual voltage remaining in the liquid crystal cell was measured and
found to be 0.3 V. Thus, the charge accumulation was small.

EXAMPLE 4

[0076] 20.02 g (0.1 mol) of 4,4"-diaminodiphenyl ether was dissolved in 237 g of N-methylpyrrolidone (NMP), and 21.4
g (0.1 mol) of pyromellitic dianhydride was added thereto and reacted at room temperature for 4 hours, to obtain a poly-
imide precursor having a reduced viscosity of 1.0 dl/g (in N-methyl-2-pyrrolidone at a temperature of 30°C at a concen-
tration of 0.5 g/dl). This solution was diluted with NMP to a solid content concentration of 6% to obtain a polyimide
precursor solution (A-3).

[0077] Then, using the solvent-soluble polyimide resin solution (B-1) prepared in the same manner as in Example 1,
the polyimide precursor solution (A-3) and the solvent-soluble polyimide resin solution (B-1) were mixed in a weight ratio
of (A-3)/(B-1)=4/1, diluted with NMP and thoroughly stirred to obtain a uniform solution having a total solid content con-
centration of 4%. This solution was spin-coated at 3000 rpm on a glass substrate provided with transparent electrodes
and baked at 180°C for 60 minutes to obtain a polyimide film having a film thickness of 1000 A.

[0078] Then, a liquid crystal cell was prepared in the same manner as in Example 2.

[0079] The tilt angle of liquid crystal was 1.0°, and the tilt angle after heating at 120°C for 60 minutes after the injection
of liquid crystal was 1.1°, and thus the change due to the heat treatment was small. Further, the voltage holding ratio
showed high values of 97% at 23°C and 82% at 90°C, and the residual voltage showed an extremely low value of 0.0 V.

EXAMPLE 5

[0080] 20.02 g (0.1 mol) of 4,4"-diaminodiphenyl ether was dissolved in 170 g of N-methylpyrrolidone (NMP), and 7.84
g (0.08 mol) of cyclobutane tetracarboxylic dianhydride and 2.18 g (0.02 mol) of pyromellitic dianhydride were added
thereto and reacted at room temperature for 4 hours, to obtain a polyimide precursor having a reduced viscosity of 1.0
dl/g (in N-methyl-2-pyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl). This solution was diluted with
NMP to a solid content concentration of 6% to obtain a polyimide precursor solution (A-4).

[0081] Then, using the solvent-soluble polyimide resin solution (B-1) prepared in the same manner as in Example 1,
the polyimide precursor solution (A-4) and the solvent-soluble polyimide resin solution (B-1) were mixed in a weight ratio
of (A-4)/(B-1)=4/1, diluted with NMP and thoroughly stirred to obtain a uniform solution having a total solid content con-
centration of 4%. This solution was spin-coated at 3000 rpm on a glass substrate provided with transparent electrodes
and baked at 180°C for 60 minutes to obtain a polyimide film having a film thickness of 1000 A.

[0082] Then, a liquid crystal cell was prepared in the same manner as in Example 2. The tilt angle of the liquid crystal
was 1,2°, and the tilt angle after heating at 120°C for 60 minutes after the injection of liquid crystal, was 1.2°, and thus
no change due to the heat treatment was observed. Further, the voltage holding ratio showed high values of 97% at
23°C and 82% at 90°C, and the residual voltage showed a low value of 0.2 V.
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EXAMPLE 6

[0083] 19.83 g (0.1 mol) of 4,4'-diaminodiphenylmethane was dissolved in 228 g of N-methylpyrrolidone (NMP), and
9.80 g (0.05 mol) of cyclobutane tetracarboxylic dianhydride and 10.90 g (0.05 mol) of pyromellitic dianhydride were
added thereto and reacted at room temperature for 4 hours, to obtain a polyimide precursor having a reduced viscosity
of 0.9 dI/g (in N-methyl-2-pyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl). This solution was diluted
with NMP to a solid content concentration of 6% to obtain a polyimide precursor solution (A-5).

[0084] Then, in the same manner as in Example 2, the polyimide precursor solution (A-5) and the solvent-soluble
polyimide resin solution (B-1) were mixed in a weight ratio of (A-5)/(B-1)=4/1, diluted with NMP and thoroughly stirred
to obtain a uniform solution having a total solid content concentration of 4%. This solution was spin-coated at 3000 rpm
on a glass substrate provided with transparent electrodes and baked at 180°C for 60 minutes to obtain a polyimide film
having a film thickness of 1000 A.

[0085] Then, a liquid crystal cell was prepared in the same manner as in Example 2. The tilt angle of liquid crystal
was 1,0°, and the tilt angle after heating at 120°C for 60 minutes after the injection of liquid crystal, was 1.1°, and thus
the change due to the heat treatment was small and stable. Further, the voltage holding ratio showed high values of
98% at 23°C and 82% at 90°C, and the residual voltage showed a low value of 0.1 V.

EXAMPLE 7

[0086] 30.03 g (0.1 mol) of 3,4-dicarboxy-1,2,3,4-tetrahydro-1-naphthalenesuccinic dianhydride (hereinafter referred
to simply as TDA), 15.86 g (0.08 mol) of 4,4'-diaminodiphenylmethane and 4.97 g (0.02 mol) of 1,3-bis(3-aminopro-
pyl)tetramethyldisiloxane were reacted in 288 g of NMP at 30°C for 15 hours to prepare a polyimide precursor solution.
[0087] To 50 g of this polyimide precursor solution, 15.1 g of acetic anhydride and 7.0 g of pyridine were added as
imide-modification catalysts, followed by a reaction at 40°C for 3 hours, to prepare a polyimide resin solution. This solu-
tion was put into 500 ml of methanol, and the obtained white crystals were collected by filtration and dried to obtain a
white polyimide resin powder. The reduced viscosity n sp/c of the obtained polyimide resin was 0.43 di/g (0.5 wi% NMP
solution, 30°C).

[0088] 0.6 g of this powder was dissolved in 9.4 g of y - butyrolactone to obtain a solvent-soluble polyimide resin solu-
tion (B-2) having a solid content concentration of 6%.

[0089] Then, the polyimide precursor solution (A-5) of Example 6 and the solvent-soluble polyimide resin solution (B-
2) were mixed in a weight ratio of (A-5)/(B-2)=4/1, diluted with NMP and thoroughly stirred to obtain a uniform solution
having a total solid content concentration of 4%. This solution was spin-coated at 3700 rpm on a glass substrate pro-
vided with transparent electrodes and baked at 200°C for 60 minutes to obtain a polyimide film having a film thickness
of 1000 A.

[0090] Then, a liquid crystal cell was prepared in the same manner as in Example 2. The tilt angle of liquid crystal
was as low as 1.2°, and further, the tilt angle after heating at 120°C for 60 minutes after the injection of liquid crystal,
was 1.1°, and thus, no change due to the heat treatment was observed. Further, the voltage holding ratio showed high
values of 98% at 23°C and 90% at 90°C, and the residual voltage showed an extremely low value of 0.0 V.

COMPARATIVE EXAMPLE 1

[0091] Using only the polyimide precursor solution (A-1) prepared in Example 1, a polyimide film was formed on a
glass substrate provided with transparent electrodes, and then a liquid crystal cell was prepared in the same manner
as in Example 1.

[0092] As aresult, the tilt angle of liquid crystal was 2.1° and thus was not sufficiently low. Further, although the resid-
ual voltage showed a low value of 0.8 V, the voltage holding ratio was low at a level of 90% at room temperature and
70% at 90°C. Thus, a low charge accumulation property was not obtained at a low tilt angle and voltage holding ratio.

COMPARATIVE EXAMPLE 2

[0093] Using only the polyimide precursor solution (A-2) prepared in Example 2, a polyimide film was formed on a
glass substrate provided with transparent electrodes, and then a liquid crystal cell was prepared in the same manner
as in Example 1.

[0094] As aresult, the tilt angle of liquid crystal was 2.1° and thus was not sufficiently low. Further, although the resid-
ual voltage showed a low value of 0.3 V, the voltage holding ratio was low at a level of 80% at room temperature and
70% at 90°C. Thus, a low charge accumulation property was not obtained at a low tilt angle and voltage holding ratio.
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COMPARATIVE EXAMPLE 3

[0095] Using only the solvent-soluble polyimide solution (B-1) obtained in Example 1, a polyimide film was formed on
a glass substrate provided with transparent electrodes, and then a liquid crystal cell was prepared in the same manner
as in Example 1.

[0096] As aresult, the tilt angle of liquid crystal was as low as 1.0°, and the voltage holding ratio was as high as 99%
at room temperature and 90% at 90°C, but the residual voltage showed a high value of 1.0 V, and a low charge accu-
mulation property was not obtained at a low tilt angle and voltage holding ratio.

COMPARATIVE EXAMPLE 4

[0097] The polyimide precursor solution (A-3) prepared in Example 4 was diluted with NMP to a solid content con-
centration of 4% to obtain a polyimide precursor solution (A-6). Using only this polyimide precursor solution, a polyimide
film was formed on a glass substrate provided with transparent electrodes, and then a liquid crystal cell was prepared
in the same manner as in Example 1.

[0098] As aresult, the tilt angle of liquid crystal was 2.2° and thus was not sufficiently low. Further, although the resid-
ual voltage showed a low value of 0.2 V, the voltage holding ratio was low at a level of 78% at room temperature and
40% at 90°C, and a low charge accumulation property was not obtained at a low tilt angle and voltage holding ratio.

COMPARATIVE EXAMPLE 5

[0099] Using only the polyimide precursor solution (A-4) prepared in Example 5, a polyimide film was formed on a
glass substrate provided with transparent electrodes, and then a liquid crystal cell was prepared in the same manner
as in Example 1.

[0100] As aresult, the tilt angle of liquid crystal was 2.2° and thus was not sufficiently low. Further, although the resid-
ual voltage showed a low value of 0.4 V, the voltage holding ratio was low at a level of 92% at room temperature and
60% at 90°C, and a low charge accumulation property was not obtained at a low tilt angle and voltage holding ratio.

COMPARATIVE EXAMPLE 6

[0101] Using only the polyimide precursor solution (A-5) prepared in Example 6, a polyimide film was formed on a
glass substrate provided with transparent electrodes, and then a liquid crystal cell was prepared in the same manner
as in Example 1.

[0102] As aresult, the tilt angle of liquid crystal was 2.0° and thus was not sufficiently low. Further, although the resid-
ual voltage showed a low value of 0.1 V, the voltage holding ratio was 95% at room temperature and 70% at 90°C, and
a low charge accumulation property was not obtained at a low tilt angle and voltage holding ratio.

COMPARATIVE EXAMPLE 7

[0103] Using only the solvent-soluble polyimide solution (B-2) prepared in Example 7, a polyimide film was formed on
a glass substrate provided with transparent electrodes, and then a liquid crystal cell was prepared in the same manner
as in Example 1.

[0104] As a result, the tilt angle of liquid crystal was 0.8° and thus was sufficiently low, and the voltage holding ratio
was 95% at room temperature and 90% at 90°C, but the residual voltage showed a high value of 1.0 V, and a low charge
accumulation property was not obtained at a low tilt angle and voltage holding ratio.

INDUSTRIAL APPLICABILITY

[0105] By the treating agent for liquid crystal alignment according to the present invention, it will be made possible to
obtain an excellent liquid crystal alignment film whereby the tilt angle of liquid crystal molecules is very low and stable
and properties such as an extremely low charge accumulation property and a high voltage holding ratio, can be simul-
taneously satisfied, and to obtain a liquid crystal device having excellent properties superior to conventional ones.

Claims

1. A treating agent for liquid crystal alignment, which comprises a polyimide precursor containing repeating units of
the formula (1):

11
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NH-CO /CO-NH-RZ
\R' (1)

N

HOOC/ COOH m

wherein R is a tetravalent organic group constituting a tetracarboxylic acid or its derivative, R? is a bivalent organic
group constituting a diamine, and m is a positive integer, and having a polymerization degree of from 0.05 t0 5.0
dl/g as calculated as the reduced viscosity (in N-methylpyrrolidone at a temperature of 30°C at a concentration of
0.5 g/dl), and a solvent-soluble polyimide containing repeating units of the formula (2):

CO CO
VAR NWARN
N\ /R\ /N
\ €0 O

R? (2)

wherein R® is a tetravalent organic group constituting a tetracarboxylic acid or its derivative, R* is a bivalent organic
group constituting a diamine having no fluorine-containing alkyl group or no long chain alkyl group having at least
6 carbon atoms, and n is a positive integer, and having a polymerization degree of from 0.05 to 5.0 dl/g as calcu-
lated as the reduced viscosity (in N-methylpyrrolidone at a temperature of 30°C at a concentration of 0.5 g/dl),
wherein the solvent-soluble polyimide of the formula (2) is contained in an amount of from 1 to 80 wi% based on
the total polymer weight.

The treating agent for liquid crystal alignment according to Claim 1, wherein R? of the polyimide precursor of the
formula (1) is a bivalent organic group constituting a diamine having no fluorine-containing alkyl group or no long
chain alkyl group having at least 6 carbon atoms.

The treating agent for liquid crystal alignment according to Claim 1 or 2, wherein the polyimide precursor of the for-
mula (1) is a copolymer wherein R' in the formula (1) is at least two types of tetravalent organic groups constituting
tetracarboxylic acids or their derivatives, and as at least one type of the constituting monomer component for the
copolymer, R' is a tetravalent organic group constituting an aromatic tetracarboxylic acid or its derivative.

The freating agent for liquid crystal alignment according to any one of Claims 1 to 4, wherein R® of the solvent-sol-

uble polyimide of the formula (2) is a tetravalent organic group constituting 3,4-dicarboxy-1,2,3,4-tetrahydro-1-
naphthalene succinic acid or its derivative.

12
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